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abstractBACKGROUND AND OBJECTIVES: Multisystem inflammatory syndrome in children (MIS-C) is a novel,
severe condition following severe acute respiratory syndrome coronavirus 2 infection. Large
epidemiologic studies comparing MIS-C to Kawasaki disease (KD) and evaluating the evolving
epidemiology of MIS-C over time are lacking. We sought to understand the illness severity of
MIS-C compared with KD and evaluate changes in MIS-C illness severity over time during the
coronavirus disease 2019 pandemic compared with KD.

METHODS: We included hospitalizations of children with MIS-C and KD from April 2020 to May
2022 from the Pediatric Health Information System administrative database. Our primary out-
come measure was the presence of shock, defined as the use of vasoactive/inotropic cardiac
support or extracorporeal membrane oxygenation. We examined the volume of MIS-C and KD
hospitalizations and the proportion of hospitalizations with shock over time using 2-week in-
tervals. We compared the proportion of hospitalizations with shock in MIS-C and KD patients
over time using generalized estimating equations adjusting for hospital clustering and age,
with time as a fixed effect.

RESULTS: We identified 4868 hospitalizations for MIS-C and 2387 hospitalizations for KD. There
was a higher proportion of hospitalizations with shock in MIS-C compared with KD (38.7% vs
5.1%). In our models with time as a fixed effect, we observed a significant decrease in the
odds of shock over time in MIS-C patients (odds ratio 0.98, P < .001) but not in KD patients
(odds ratio 1.00, P5 .062).

CONCLUSIONS: We provide further evidence that MIS-C is a distinct condition from KD. MIS-C was
a source of lower morbidity as the pandemic progressed.
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WHAT’S KNOWN ON THIS SUBJECT: MIS-C is a severe
condition following severe acute respiratory syndrome
coronavirus 2 infection. Large studies comparing MIS-C
with KD and evaluating the epidemiology and illness
severity of MIS-C and KD over the course of the COVID-19
pandemic are lacking.

WHAT THIS STUDY ADDS: We report the epidemiology of
MIS-C and KD during COVID-19 in a large, geographically
diverse cohort. There was a significant decrease in the
odds of shock over time in MIS-C patients. KD hospitalization
volume returned to pre-pandemic levels.
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A subset of children with coronavirus disease 2019 (COVID-19)
will develop multisystem inflammatory syndrome in chil-
dren (MIS-C), a severe condition that often requires inten-
sive care. The Centers for Disease Control and Prevention
defines MIS-C as a patient with fever, evidence of inflam-
mation, and clinically severe illness with involvement of
multiple organ systems requiring hospitalization and no
likely alternative diagnosis, along with recent severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) infec-
tion or exposure to a confirmed or suspected COVID-19
case.1 MIS-C was originally described in April 2020 as a
Kawasaki disease (KD)-like illness with similarities including
fever, evidence of inflammation, and symptomatology.2–7

However, in contrast to KD, which rarely necessitates inten-
sive care, case series and observational studies have revealed
substantial rates of critical illness in MIS-C.6–11 Large-scale
epidemiologic studies comparing patient demographics and
illness severity in patients with MIS-C and KD over time dur-
ing the COVID-19 pandemic are lacking. Understanding the
similarities and differences between these 2 entities may
help inform diagnostic and treatment recommendations.

The epidemiology of MIS-C and KD has evolved over
the course of the COVID-19 pandemic, with observed dif-
ferences in rates of MIS-C during different waves of
COVID-1910,12–15 and a decreased incidence of KD early
in the pandemic.16–20 Yet, there is a dearth of literature
both evaluating the severity of illness in MIS-C over time
and describing the epidemiology of KD after the first
year of the pandemic. The recent identification of vali-
dated diagnostic algorithms to identify patients with
MIS-C in administrative databases21 now allows for epi-
demiologic studies of MIS-C in these multisite data sour-
ces. A better understanding of epidemiologic trends may
guide the identification of risk factors for severe disease,
inform proper patient disposition and monitoring, and
aid prioritization of future research.

We sought to compare MIS-C to KD and to investigate
the temporal trends in MIS-C epidemiology using a large
cohort of children from geographically diverse children’s
hospitals in the United States identified from administra-
tive data dating back to the beginning of the COVID-19
pandemic. Specifically, our aims were to understand the
severity of illness in MIS-C compared with KD and to
evaluate changes in the severity of illness in MIS-C over
time compared with KD. We hypothesized that children
hospitalized with MIS-C would develop shock more often
than children hospitalized with KD before and during the
COVID-19 pandemic.

METHODS

Study Design and Data Source

We conducted a serial cross-sectional study of hospital-
izations using the Pediatric Health Information System

(PHIS), an administrative database maintained by the Child-
ren’s Hospital Association (Lenexa, KS) that contains demo-
graphics, daily billing data, and diagnosis and procedure
codes (using International Classification of Diseases, Tenth
Edition [ICD-10] codes and Current Procedural Terminology
codes, respectively) from all discharges from 49 children’s
hospitals in 34 US states. The Children’s Hospital Associa-
tion and participating hospitals jointly ensure data quality.
We included data from 39 hospitals, excluding 10 hospitals
that did not have data for every month during the study
period. This study was deemed not human subjects re-
search by the Cincinnati Children’s Hospital Institutional
Review Board.

Study Population

We included hospitalizations for children aged $30 days
to <21 years with hospitalization for MIS-C or KD at a
PHIS-participating hospital from April 1, 2020 to May 31,
2022 (hereafter the COVID-19 period). We used the ICD-
10 code for MIS-C (M35.81) to identify hospitalizations
for MIS-C from January 2021 to May 2022. We excluded
children with diagnoses of oncologic disease and trans-
plant because this improves the accuracy of the MIS-C
code.21 Before 2021, there was no dedicated ICD-10 code
for MIS-C. To identify patients with MIS-C from April
2020 to December 2020 and minimize the risk of mis-
classification bias, we used a previously developed algo-
rithm21 (Supplemental Table 5) with high sensitivity and
positive predictive value for identifying MIS-C hospital-
izations. We used the ICD-10 code for KD (M30.3) to
identify hospitalizations for KD. For historical comparisons,
we also included children aged $30 days to <21 years with
hospitalization for KD that occurred before the COVID-19
pandemic from January 1, 2016 to March 31, 2020. To
minimize the risk of misclassification bias and not include
hospitalizations for which there was diagnostic uncertainty,
we excluded hospitalizations with discharge diagnoses for
both KD and MIS-C from our primary analysis and exam-
ined them separately.

Patient Demographics and Clinical Characteristics

We examined patient demographics, including age, sex,
race/ethnicity, primary payor, and Child Opportunity In-
dex (COI).22 We categorized age to match COVID-19 vac-
cine age categories (<5 years, 5–11, 12–15, 16–20) and
with children <1 year as a standalone category recogniz-
ing the differences in clinical presentation and outcomes
in this group for KD.23 Race and ethnicity were examined
as social constructs and included in our analysis because
of previously reported disparities in outcomes related to
MIS-C that may reflect disparities in timely access to
care, structural racism, and implicit bias.24 COI is an ag-
gregate measure of resource availability at the neighbor-
hood level based on the patient’s residential ZIP code
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and has been previously reported to be associated with a
diagnosis of MIS-C.25

We examined patient clinical characteristics, including
the number of complex chronic conditions (CCC),26 ex-
cept that we excluded the diagnosis code for KD as a CCC
because all children in our KD group had a cardiac CCC.
Because clinical data, such as vital signs and laboratory
results, are not included in PHIS, we assessed the sever-
ity of illness using Hospitalization Resource Intensity
Scores for Kids (H-RISK), a pediatric-specific measure of
illness severity and resource utilization.27 H-RISK assigns
relative weights to each All Patient Refined Diagnosis
Group (3M Healthcare) and severity of illness level to fa-
cilitate comparison across All Patient Refined Diagnosis
Groups. We also captured the use of echocardiography in
all groups by evaluating billing data.

Outcome Measures

Our primary outcome measure was the presence of
shock, defined as the use of vasoactive/inotropic cardiac
support with epinephrine, norepinephrine, phenyleph-
rine, dopamine, dobutamine, vasopressin, or milrinone,
or the use of extracorporeal membrane oxygenation
(ECMO). Death was evaluated as a secondary outcome.
We examined the number of KD and MIS-C hospitaliza-
tions and the proportion of hospitalizations with shock
over time at 2-week intervals.

Statistical Analysis

We examined demographics, clinical characteristics, and
outcomes using x2 tests. We performed unadjusted com-
parisons of demographics, clinical characteristics, and
outcomes in 3 groups of patients: (1) patients with MIS-C
compared with patients with KD during the COVID-19
pandemic (April 2020 through May 2022), (2) patients
with MIS-C, KD, or a diagnosis of both MIS-C and KD dur-
ing the COVID-19 pandemic, and (3) patients with KD
during the COVID-19 pandemic compared with the his-
torical KD patients (January 2016 through March 2020).

We examined the proportion of hospitalizations with
shock during each COVID-19 wave time period captured
in our study: March 1, 2020 to June 20, 2020 (wave 1),
June 21, 2020 to September 19, 2020 (wave 2), Septem-
ber 20, 2020 to March 6, 2021 (wave 3), March 7, 2021
to July 3, 2021 (wave 4), July 4, 2021 to November 6,
2021 (wave 5), and November 7, 2021 to the end of the
study period (wave 6). The endpoint of each wave was
identified by using the nadirs of COVID-19 hospitaliza-
tions on Centers for Disease Control and Prevention
charts.28 We compared the proportion of hospitalizations
with shock across age categories during each COVID-19
wave using x2 tests. We also compared the proportion of
hospitalizations with shock across the COVID-19 waves
for each age category using the Cochran-Armitage Trend

Test. The proportion of hospitalizations with shock for
patients with MIS-C and KD was evaluated over time by
using generalized estimating equations with time as a
fixed effect and adjusting for age and hospital clustering.
All statistical analyses were performed by using SAS
v.9.4 (SAS Institute, Cary, NC) and GraphPad Prism v.9.3
(GraphPad Software, San Diego, CA), with P < .05 consid-
ered statistically significant.

RESULTS

MIS-C and Kawasaki Disease During the COVID-19
Pandemic

Demographic and Clinical Characteristics

We identified 4868 hospitalizations for MIS-C and 2387
hospitalizations for KD during the COVID-19 period
(Table 1). We also identified 914 hospitalizations with
diagnoses of both MIS-C and KD during the COVID-19
period (Supplemental Table 6). In comparison with KD pa-
tients, there were increased proportions of MIS-C patients
who were older (79.1% $5 years vs 22.3% $5 years),
non-Hispanic Black (28.2% vs 20.7%), and had govern-
ment insurance (52.9% vs 49.3%). There were no differ-
ences in the COI between the 2 groups. We observed an
increased proportion of children with medical complexity
in the MIS-C group and higher illness severity in the MIS-C
group (H-RISK 5.5 vs 2.1).

Outcome Measures

We observed substantial differences in the proportion of
hospitalizations with shock between the MIS-C and KD
groups. During the COVID-19 period, 38.7% of patients
with a diagnosis of MIS-C met our definition of shock
compared with 5.1% of patients with a diagnosis of KD.
Epinephrine (31.3% of MIS-C patients, 3% of KD pa-
tients) and norepinephrine (16.5% of MIS-C patients,
1.3% of KD patients) were the most used inotropic medi-
cations in both groups. There were 69 (1.4%) MIS-C pa-
tients who received ECMO compared with 2 (0.2%) KD
patients. All but 1 patient who received ECMO also received
a vasoactive/inotropic medication. There were 43 (0.9%)
deaths in the MIS-C group compared with 0 deaths in the
KD group during the COVID-19 pandemic.

Patients With a Diagnosis of MIS-C and KD

Patients with both diagnoses had demographic and clini-
cal characteristics that generally resembled those of the
MIS-C group (Supplemental Table 6). We observed higher
illness severity in the dual diagnosis group compared
with the KD group (H-RISK 4.3 vs 2.1) and a proportion
of hospitalizations with shock that were higher than the
KD group but lower than the MIS-C group (21.9% dual
diagnosis vs 38.7% MIS-C vs 5.1% KD). The volume of
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TABLE 1 Patient Demographics and Clinical Characteristics of MIS-C and KD Patients During the COVID-19 Pandemic

Total MIS-C KD P

# Encounters 7255 4868 (67.1) 2387 (32.9)

Age <.001

<1 y 586 (8.1) 107 (2.2) 479 (20.1)

1–4 y 2287 (31.5) 911 (18.7) 1376 (57.6)

5–11 y 2815 (38.8) 2336 (48) 479 (20.1)

12–15 y 1072 (14.8) 1033 (21.2) 39 (1.6)

16–20 y 495 (6.8) 481 (9.9) 14 (0.6)

Sex .275

Female 2895 (39.9) 1921 (39.5) 974 (40.8)

Race/ethnicity <.001

Non-Hispanic White 2749 (37.9) 1824 (37.5) 925 (38.8)

Non-Hispanic Black 1865 (25.7) 1372 (28.2) 493 (20.7)

Hispanic 1814 (25) 1226 (25.2) 588 (24.6)

Asian 341 (4.7) 129 (2.6) 212 (8.9)

Other 486 (6.7) 317 (6.5) 169 (7.1)

Payor .005

Government 3753 (51.7) 2577 (52.9) 1176 (49.3)

Private 3037 (41.9) 1973 (40.5) 1064 (44.6)

Other 465 (6.4) 318 (6.5) 147 (6.2)

COI .834

Very low 682 (22.4) 451 (22.1) 231 (23)

Low 713 (23.4) 480 (23.5) 233 (23.2)

Moderate 617 (20.3) 423 (20.7) 194 (19.3)

High 679 (22.3) 457 (22.4) 222 (22.1)

Very high 354 (11.6) 231 (11.3) 123 (12.3)

No. of CCC <.001

0 4042 (55.7) 2386 (49) 1656 (69.4)

1–2 2958 (40.8) 2255 (46.3) 703 (29.5)

$3 255 (3.5) 227 (4.7) 28 (1.2)

Complex chronic condition category

Neurologic 167 (2.3) 145 (3) 22 (0.9) <.001

Cardiovascular 1440 (19.8) 1274 (26.2) 166 (7) <.001

Respiratory 52 (0.7) 46 (0.9) 6 (0.3) .001

Renal/urologic 139 (1.9) 120 (2.5) 19 (0.8) <.001

Gastrointestinal 282 (3.9) 252 (5.2) 30 (1.3) <.001

Hematologic/immunologic 494 (6.8) 384 (7.9) 110 (4.6) <.001

Metabolic 1807 (24.9) 1340 (27.5) 467 (19.6) <.001

Congenital/genetic 98 (1.4) 80 (1.6) 18 (0.8) .002

Neonatal 16 (0.2) 11 (0.2) 5 (0.2) .888

Technology 211 (2.9) 183 (3.8) 28 (1.2) <.001

H-RISK 4.4 (5.7) 5.5 (6.4) 2.1 (2.6) <.001

Echocardiogram 6937 (95.6) 4620 (94.9) 2317 (97.1) <.001

Shock 2005 (27.6) 1883 (38.7) 122 (5.1) <.001

ECMO 71 (1) 69 (1.4) 2 (0.1) <.001

Epinephrine 1598 (22) 1526 (31.3) 72 (3) <.001

Norepinephrine 832 (11.5) 802 (16.5) 30 (1.3) <.001

Phenylephrine 118 (1.6) 91 (1.9) 27 (1.1) .020

Dopamine 103 (1.4) 85 (1.7) 18 (0.8) .001

Dobutamine 21 (0.3) 21 (0.4) 0 (0) .001

Vasopressin 140 (1.9) 134 (2.8) 6 (0.3) <.001

Milrinone 598 (8.2) 586 (12) 12 (0.5) <.001

Death 43 (0.6) 43 (0.9) 0 (0) <.001

Data are presented as n (%) with the exception of H-RISK, which is presented as mean (standard deviation).
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patients with both diagnoses remained relatively stable
over time (Supplemental Fig 2).

Kawasaki Disease Before and During COVID-19 Pandemic

We identified 6355 hospitalizations for KD from January
2016 to March 2020 to compare with the 2387 hospital-
izations for KD during the COVID-19 pandemic (Table 2).
We observed similar demographic characteristics be-
tween the historical and COVID-19-era KD groups. The
groups had similar levels of medical complexity and ill-
ness severity (H-RISK 1.9 vs 2.1). We also observed simi-
lar proportions of hospitalizations with shock in the
historic and COVID-19 KD groups (6.9% vs 5.1%).

Volume of Hospitalizations and Proportion of
Hospitalizations With Shock Over Time

The volume of hospitalizations and proportion of hospi-
talizations with shock for KD remained relatively cons-
tant over time from before the COVID-19 pandemic until
the end of our study period, aside from a decrease in vol-
ume and increased proportion with shock in late 2020
(Fig 1). The volume of hospitalizations for MIS-C varied
over time. The proportion with shock for MIS-C revealed
a gradual decline over time from 46.3% in the first wave
to 32.6% in the most recent included wave.

Throughout all waves of the COVID-19 pandemic, the pro-
portion of MIS-C hospitalizations with shock was statistically
different across age groups, with older patients experiencing
higher rates of shock (Table 3). We also observed a decreas-
ing proportion of MIS-C hospitalizations with shock over
time for each age group. In models with time as a fixed ef-
fect and adjusting for hospital clustering and patient age, we
observed a significant decrease in the odds of shock over
time in MIS-C patients (adjusted odds ratio 0.98, 95% confi-
dence interval [CI] 0.98–0.99, P < .001), representing a 2%
decreased odds of shock every 2 weeks (Table 4). We did
not observe a decrease in the odds of shock over time in
KD patients in our adjusted analysis (adjusted odds ratio
1.00, 95% CI 0.99–1.00, P 5 .062).

DISCUSSION

In this large multicenter study including patients, over
2 years we observed differences between the clinical course
of patients with MIS-C and Kawasaki disease during the
COVID-19 pandemic. We observed a higher proportion of
hospitalizations with shock in children hospitalized with
MIS-C than in those hospitalized with KD, a finding that
narrowed but persisted over time during the COVID-19
pandemic. We observed a significant decrease in the odds
of shock in MIS-C hospitalizations after controlling for age
and hospital, with the proportion of hospitalizations with
shock in the most recent wave reduced by 30% as com-
pared with hospitalizations during the first wave. This de-
crease in illness severity parallels the observed decreased

incidence of MIS-C in later COVID-19 waves.10,12–14 The au-
thors of a recent publication using data from the Interna-
tional Kawasaki Disease Registry also report decreasing
illness severity with later COVID waves.15 Our findings pro-
vide stronger evidence for this association with one of the
largest MIS-C cohorts to date and our models that control
for important covariates. Potential explanations for the ob-
served decrease in illness severity include improved identi-
fication of MIS-C patients, improved treatment, the impact
of vaccination and infection-induced immunity, and possible
differences in the likelihood of developing MIS-C and severe
illness from MIS-C with different SARS-CoV-2 variants. Al-
though uptake has been low, vaccination against SARS-CoV-
2 may have contributed to the changing epidemiology of
MIS-C. Vaccination decreases the risk of MIS-C by 91%, and
most critically ill children with MIS-C have been unvaccina-
ted.29 Vaccines were available to children aged $16 in De-
cember 2020, 12 to 15 in May 2021, and 5 to 11 in
November 2021.

This large cohort of patients with MIS-C also highlights
age as a possible risk factor for increased illness severity
in MIS-C. In all the COVID-19 waves included in the
study, a higher proportion of older children (aged $12)
with MIS-C experienced shock. The highest proportion of
hospitalizations with shock was in the 12 to 15 years
group (51%), and the 16 to 20 years group was high but
somewhat lower (45.1%). The 16 to 20 years group was
also the smallest in our study. Although we observed a
decrease in the proportion of hospitalizations with shock
in all age groups over time, �50% of MIS-C hospitaliza-
tions in children 12 to 15 years of age had shock in the
most recent waves. The increasing proportion of shock
with age may have mechanisms similar to the increased
risk of severe COVID-19 with increasing age, with age be-
ing the largest risk factor for severe disease.30

Consistent with other observational studies of MIS-C,4,8,9,31

children with MIS-C were older than those with KD. We
observed a lower proportion of Asian children and a
higher proportion of non-Hispanic Black children in the
MIS-C group than in the KD group, differences that were
not explained by the COI and did not differ between the
groups. Racial and ethnic disparities in the incidence,
severity of illness, and outcomes in children with MIS-C
have been noted in other studies.8,24,31 These observed
differences may reflect disparities in timely access to
care and structural racism, potentially contributing to higher
SARS-CoV2 infection rates and warrant further investigation
to close this equity gap.

The volume of hospitalizations for KD decreased at the
beginning of the pandemic, consistent with previous ob-
servational studies from 202016–20 but has since re-
bounded to pre-pandemic levels. The decreased volume
associated with maximal social distancing early in the
pandemic and rebound to historic volumes after relaxing
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TABLE 2 Patient Demographics and Clinical Characteristics of KD Patients Before and During COVID-19 Pandemic

Total KD Before COVID-19 KD During COVID-19 P

# Encounters 8742 6355 (72.7) 2387 (27.3)

Age <.001

<1 y 1514 (17.3) 1035 (16.3) 479 (20.1)

1–4 y 5116 (58.5) 3740 (58.9) 1376 (57.6)

5–11 y 1938 (22.2) 1459 (23) 479 (20.1)

12–15 y 137 (1.6) 98 (1.5) 39 (1.6)

16–20 y 37 (0.4) 23 (0.4) 14 (0.6)

Sex .701

Female 3538 (40.5) 2564 (40.4) 974 (40.8)

Race/ethnicity .002

Non-Hispanic White 3325 (38) 2400 (37.8) 925 (38.8)

Non-Hispanic Black 1732 (19.8) 1239 (19.5) 493 (20.7)

Hispanic 2046 (23.4) 1458 (22.9) 588 (24.6)

Asian 915 (10.5) 703 (11.1) 212 (8.9)

Other 724 (8.3) 555 (8.7) 169 (7.1)

Payor .006

Government 4182 (47.8) 3006 (47.3) 1176 (49.3)

Private 4101 (46.9) 3037 (47.8) 1064 (44.6)

Other 459 (5.3) 312 (4.9) 147 (6.2)

COI .182

Very low 831 (22.4) 600 (22.2) 231 (23)

Low 831 (22.4) 598 (22.1) 233 (23.2)

Moderate 821 (22.1) 627 (23.2) 194 (19.3)

High 792 (21.3) 570 (21.1) 222 (22.1)

Very high 435 (11.7) 312 (11.5) 123 (12.3)

No. of CCC <.001

0 6362 (72.8) 4706 (74.1) 1656 (69.4)

1–2 2288 (26.2) 1585 (24.9) 703 (29.5)

$3 92 (1.1) 64 (1) 28 (1.2)

Complex chronic condition category

Neurologic 61 (0.7) 39 (0.6) 22 (0.9) .123

Cardiovascular 637 (7.3) 471 (7.4) 166 (7) .464

Respiratory 27 (0.3) 21 (0.3) 6 (0.3) .553

Renal/urologic 56 (0.6) 37 (0.6) 19 (0.8) .264

Gastrointestinal 97 (1.1) 67 (1.1) 30 (1.3) .421

Hematologic/immunologic 320 (3.7) 210 (3.3) 110 (4.6) .004

Metabolic 1394 (15.9) 927 (14.6) 467 (19.6) <.001

Congenital/genetic 58 (0.7) 40 (0.6) 18 (0.8) .522

Neonatal 13 (0.1) 8 (0.1) 5 (0.2) .366

Technology 85 (1) 57 (0.9) 28 (1.2) .241

H-RISK 2 (2.7) 1.9 (2.7) 2.1 (2.6) <.001

Echocardiogram 8407 (96.2) 6090 (95.8) 2317 (97.1) .007

Shock 559 (6.4) 437 (6.9) 122 (5.1) .003

ECMO 8 (0.1) 6 (0.1) 2 (0.1) .884

Epinephrine 387 (4.4) 315 (5) 72 (3) <.001

Norepinephrine 112 (1.3) 82 (1.3) 30 (1.3) .901

Phenylephrine 91 (1) 64 (1) 27 (1.1) .611

Dopamine 74 (0.8) 56 (0.9) 18 (0.8) .563

Dobutamine 5 (0.1) 5 (0.1) 0 (0) .170

Vasopressin 21 (0.2) 15 (0.2) 6 (0.3) .896

Milrinone 68 (0.8) 56 (0.9) 12 (0.5) .073

Deaths 3 (0) 3 (0) 0 (0) .288

Data are presented as n (%) with the exception of H-RISK, which is presented as mean (SD).
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these measures lend support to a potential infectious
trigger of KD. The proportion of KD hospitalizations with
shock was stable across the COVID-19 pandemic after
controlling for age and hospital. There was an increase in
the proportion of KD hospitalizations with shock in the
first few months of the pandemic, which has been noted
in another observational study from 2020.19 Given the
novel nature of MIS-C as a diagnosis and the volume of
patients with a diagnosis of both KD and MIS-C in our co-
hort, this increased proportion with shock may reflect
misclassification of patients presenting early in the

pandemic when a diagnosis of MIS-C was less likely to be
made. The higher proportion of hospitalizations with shock
in both groups in the first 1 to 2 months of the pandemic
may also partially reflect delayed presentation to care and,
therefore, increased illness severity at presentation.

Our findings should be interpreted within the context
of certain limitations. The use of an administrative data-
set does not allow us to incorporate clinical data, such as
vital signs, laboratory results, and vaccination status;
thus, there is some misclassification risk in severity of ill-
ness. In addition, there is a risk of classification bias

FIGURE 1
Volume of hospitalization and proportion of hospitalizations with shock for MIS-C and KD. (A) Volume of hospitalization for MIS-C and KD. (B) Proportion of
hospitalizations with shock for MIS-C and KD. Data shown every 2 weeks from January 2019 to May 2022 with COVID-19 waves indicated with shading.

TABLE 3 Proportion of Hospitalizations with Shock in MIS-C Patients Over Time and Across Age Groups

Age (y) Overall Wave 1 Wave 2 Wave 3 Wave 4 Wave 5 Wave 6 P (Trend)

Overall 38.7 (37.3–40) 46.3 (35.3–57.2) 51.5 (46.4–56.7) 40.9 (38.5–43.3) 36.1 (32–40.1) 38.7 (35.7–41.7) 32.6 (30–35.3) <.001

0–4 23.4 (20.8–26) 33.3 (2.5–64.1) 28.1 (17.1–39.1) 27.9 (23.2–32.7) 24.8 (16.8–32.7) 28.3 (21.6–35) 14.1 (10.3–17.9) <.001

5–11 38.6 (36.6–40.5) 32 (13.7–50.3) 54.2 (46.4–62.1) 39.7 (36.2–43.2) 35.7 (29.6–41.8) 38.1 (34–42.1) 35.1 (31.4–38.9) <.001

12–15 51 (48–54.1) 56.5 (36.3–76.8) 64.3 (54–74.5) 51.8 (46.7–56.9) 42.9 (34.4–51.3) 48.8 (42.1–55.6) 51.2 (44.5–57.8) .0053

16–20 45.1 (40.7–49.6) 56.5 (36.3–76.8) 51.9 (38.5–65.2) 48.6 (41.2–56) 42.6 (30.9–54.4) 38.9 (28.8–49) 38 (26.7–49.3) .0323

P <.001 <.001 <.001 <.001 <.001 <.001 <.001

Wave 1: March 01, 2020–June 20, 2020; Wave 2: June 21, 2020–September 19, 2020; Wave 3: September 20, 2020–March 06, 2021; Wave 4: March 07, 2021–July 03, 2021; Wave 5:
July 04, 2021–November 06, 2021; Wave 6: November 07, 2021–May 31, 2022.
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given the similarity between the diagnoses. This potential
for bias was likely highest in the first few months of the
pandemic before an ICD-10 code was available for MIS-C
and when MIS-C was a novel diagnosis that clinicians felt
uncertain about. We attempted to mitigate this risk by
using an algorithm with high sensitivity to identify MIS-C
hospitalizations in 2020 and by excluding hospitaliza-
tions in which both diagnoses were present. Our data are
limited to hospitalizations from 39 children’s hospitals in
the United States, which may limit generalizability, al-
though nearly all patients with MIS-C and most patients
with KD are cared for at larger pediatric centers. We did
not include patients with a diagnosis of both MIS-C and
KD in our primary analyses, which represented �10% of
total patients and may have affected our findings. How-
ever, given the stable volume of patients with both diag-
noses over time, this likely did not impact our temporal
analyses of the individual diagnoses.

The difference in mortality between MIS-C and KD (0.9%
vs 0%) is notable in a pediatric population in which mortal-
ity is rare. Further investigation is needed to determine the
specific causes of MIS-C mortality and modifiable risk fac-
tors that may contribute. Future research should examine
whether vaccination-induced or infection-induced COVID-19
immunity is associated with a decreased risk of shock or
death in patients with MIS-C. This may provide further evi-
dence of the benefits of COVID-19 vaccination in the pediat-
ric population. Lastly, ongoing surveillance of the changing
epidemiology of MIS-C will help pediatricians understand
what groups remain at risk for developing this severe condi-
tion. Although there was a notable decrease in MIS-C in the
year after our study period, there were still >500 hospital-
izations for MIS-C in the PHIS database from June 2022 to
May 2023. Pediatricians will likely continue to encounter
MIS-C over the coming years.

CONCLUSIONS

This large cohort of patients across >2 years of the
COVID-19 pandemic provides further evidence that
MIS-C is a distinct, if phenotypically overlapping, disease
from KD. We demonstrate that MIS-C was a source of lower
morbidity as the pandemic progressed, although it is not
clear whether the mechanism is related to public health ad-
vances (eg, vaccination), treatment advances, changing virus
variants, or increasing herd immunity in our study popula-
tion. Ongoing and future prospective studies with patient-
level data and biomarkers may lead to a better under-
standing of the mechanism behind these observations,
which would have public health implications if new strains
of SARS-CoV-2 lead to increases in MIS-C incidence and/or
illness severity.
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TABLE 4 Unadjusted and Adjusted Proportion of Hospitalizations With Shock Over Time

Fixed Effect Unadjusted* OR (95% CI) P Adjusted** OR (95% CI) P

MIS-C Time 0.97 (0.97–0.98) <.001 0.98 (0.98–0.99) <.001

KD Time 1.00 (0.99–1.00) .043 1.00 (0.99–1.00) .062

OR, odds ratio.
* Accounting for hospital clustering only.
** Adjusted for age and hospital clustering.
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